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ABSTRACT

This study aimed to characterize groundwater pollution in Hongseong-gun, a representative rural area, by conducting
principal component analyses (PCA) for 12 water quality parameters. Nitrate (NO;) contamination was also assessed by
identifying the background levels and threshold values (TV) of NO; concentration, followed by estimation of nitrate
pollution index (NPI) based on the TV value. The results of PCA anlayses showed that the top three PCs (PC1, PC2, and
PC3) accounted for 68% of the total variation, with PC1 and PC2 being most influenced by EC and NOs, respectively. In
calculation of background levels for groundwater constituents, the values estimated by the percentile method were higher
than those by the probability plot method for all constituents except Na and NO;. The NPI values indicated moderate to
severe contamination (classes 1-3) and showed an increase of over 10% in 2023 compared to 2005. The overall results of
this study demonstrate that PCA analysis, along with background level and TV assessment, can effectively evaluate the
factors influencing groundwater pollution in a typical rural area like Hongsung-gun. This study also confirmed that NPI
serves as a reliable indicator for effective groundwater pollution management.
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Fig. 1. (a) Geological map, (b) land use map of 2022, and (c) groundwater sample site in 2023 of the study area.
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Fig. 1. Continued
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Table 1. Statistical parameters of groundwater hydrogeochemical data in (a) 2005, (b) 2023 of study area and (c) p values as a result of

Mann-Whitney U test

(@)

T pH EC Ca Mg Na K HCOs Cl NOs SO4

Parameter

°C puS/ecm mg/L
Min 10.10 5.33 72.10 3.73 0.79 431 0.27 9.87 387 < LOD 0.32
Max 17.60 7.85 1151.00 133.66  49.05 113.08  30.38 20331 24691 31562 6146
mean 14.30 6.63 29924  29.17 8.77 16.59 2.03 78.69 2641 43.15 1125
std 1.16 0.53  186.83 19.56 7.46 12.97 3.86 35.65 32.66 49.15 1244
25th percentile 13.83 630 18140 17.01 422 10.53 0.68 53.07 11.66 16.47 323
50th percentile 14.40 6.64 26350 24.13 7.59 13.47 1.00 75.68 19.82 30.05 7.38
75th percentile 15.08 7.00 36275 37.19 11.41 18.61 1.55 10324 2691 4996  13.07
(b)
Min 13.50 564 12280 1293 0.94 5.92 0.52 32.50 485 < LOD 0.62
Max 18.10 7.80  757.00 9126 2698 37.17 463 25314  69.73 21491 71.50
mean 14.92 6.53 35462 3594 10.70 15.05 1.57 103.69  26.83 40.71  15.92
std 0.91 038 117.86 14.08 5.15 5.64 0.67  40.52 14.02 3220  12.68
25th percentile 14.30 624 26925 2591 7.50 10.96 1.13 70.71 17.31 18.87 1887
Median 14.75 6.52 34750 3496 10.22 14.29 1.48 10485  23.80 33.55 1317
75th percentile 15.20 6.75 43150 44.04 13.48 17.22 1.79  126.10  32.56 57.83  20.61
(0)
Mann-Whitney U test - 0.11 0.01 0.00 0.00 0.60 0.00 0.00 0.01 0.56 0.00
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Fig. 2. Box-Whisker plots for groundwater hydrogeochemical components of study area in 2005 and 2023.
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Na-Cl¢} Na-HCO; 80| 242t 4%, 1%4 EX3titt. 1}
ol B 4= = nie} o] F A)7](200537} 2023
wye] Ak 8 AAFOZ Ch NO; 5 538 F
A1AAA, SAHEES ) 17 AFAG] bkt
of o8l FA FFS S T 5 o A7

2ol ZA YeEhAlE Sttt

il

p =y
L
pu—

3.2. FHEEM(PCA) 24 23t

FAEEHN(PCAYS 202332] A|514= =2Al7 ] disle]
Tt o, A 4 QA= 1270(EC, Ca, Mg,
Na, K, SiO,, St, HCOs, F, Cl, NOs, SO»)Ath F45-5-4
A}, 27] o] FEo] AAY 68%E W3l o5
S A7AY A8l AR WE 5 1T &
ATH(Table 2). ©] T 43.8%2] FARS AWsh= PCl
8 AE(EC, Ca, Mg, Sr, COIA 0.70 o)de] ARzke
7S & 5 AT JA B 15.8%E AWEte
PC2E= NO;, Na, SiOy7} -0.61, -0.56, -0.528] & S-2] 4
AIAE 71, HCOy} 0.722 =& ko ZkS 717t}
mebr, PC2E F5AF 5] 2F] gl 22 IS
A, F718 238, 5 S SOl o5 Tt &
7ol o3l o] TS S & 4 AU PC3=
8.44%9] HAke RS, F7F 0912 78 2 932 v
3L uek. SANE FAE A0l AR 887le] HlolH &
407RON AR S 25 (0.08—1.48 mg/L)E AZo] HA7)
o] A}AAA F3lE <13 AHEE JERS 7FsAdo] Erkar
AT PC49} PCSE 7.93%, 7.74%= VFehiH, bzt
Si05(+0.76)$} K(+0.82)°] & S 7FAaL ATt PC3,
PC4 ¥ PC5E A =4 Wl vx= Fao] 4] &

=3
0.
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Table 2. PCA results using groundwater quality components

Parameters PC1 PC2 PC3 PC4 PC5
Eigenvalues
Eigenvalues 5.25 1.89 1.01 0.95 0.93
Variability (%) 43.8 15.8 8.4 7.9 7.7
Cumulative (%)  43.8 59.6 68.0 75.9 83.6
Factor loadings
EC 0.99 0.04 002 -0.04 -0.01
Ca 0.92 0.17 0.03 -0.12 0.06
Mg 0.78 0.41 -0.01 020 -0.10
Na 0.61 -0.56 0.17 012  -0.06
K 037 -009 -020 -0.34 0.82
SiO, 0.07  -0.52 0.03 0.76 0.32
Sr 073 -0.29 0.12 0.03  -0.08
HCO; 0.48 0.72 0.15 0.22 0.23
F -023  -0.13 091 -0.23 0.12
Cl 082 -0.11 -0.12  -0.13 024
NO; 0.61 -0.61 -0.11 -025  -0.09
SO, 0.67 0.30 0.20 0.10  -0.04
10
®  Group A HCO,
81 e GroupB
6 !
= 4
- 2f .
=~ 0| Pl ¥ T
5'\! I s L] 1t
E e 1 : " K
-4 | s
6 |
8 L 1 | |

-8 -6 -4 -2 0 2 4 6 8
PCI (43.8%)

Fig. 4. Result of principle component analysis by groups for
groundwater sample in 2023. (Group A : NO;-N < 10 mg/L, Group
B :NO;-N = 10 mg/L).
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Sk 84w Q1914 81| JES W ARE Ak
Ao|tk(Biddau et al., 2017; Cruz and Andrade, 2015).
Al AR TR S 23 AR A=
01917 JeFS AAISH=E NO,y(=10 mg/L)} CI(>606.6 mg/
Lyl tigh 7S A8sislom, & AqellA Ce 7IE
FET} Gol NOl tigh ARdad 713wt 831 A5
AL viAsE dv) 2 A gotslr] s
AREShE EERR A9AR1 ol ost JES Tt
A @org o JFS it widsxe} FE7E
A& F8 IAZE HrlelEs 319

B Aqtollas A7 (20054, 2023 = AA) v dE
=9 s WR9gee) FERY TIPS o83l )
How, 7 AIE Table 30 YERNUT. FEE32 17
ZZ o83 MiAE TR A W2 AR AES ARA|
%3l BE AR % w¥f 124 yHEHERZ o §
ARl 3k & 7 Ue o] tk(Panno et al., 2006).
o] W& W=Ho] Uepr] $fsiA] dlole7t AEE=
YeRA] ko A 4= 9o, HAa 10070 o]
we 257F "asicl= Ao] A o]tk Sinclair, 1991).
B Aol M wjAEE APl o]83k 202332 A|skr
A Ag= 1007 o3l 8z FE3] we Asst
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Table 3. Background levels of groundwater quality components by period
Method Ca Mg Na K HCO;, Cl NOs;-N SO,
Total (n=26) 42.20 9.82 16.75 1.93 131.31 25.29 1.93 20.56
Percentile 2005 (n=16) 29.96 9.22 13.56 1.52 121.34 20.14 1.93 14.24
2023 (n=10) 50.02 10.04 17.60 2.05 138.11 28.07 1.89 26.04
Total (n=190) 21.20 5.37 10.11 0.74 106.26 19.82 2.39 3.62
Probability _
Plot 2005 (n=102) 17.57 341 14.22 0.51 79.46 10.35 3.07 3.59
2023 (n=88) 42.23 8.88 13.44 1.26 105.70 27.83 4.14 4.06
3 1 3 3
a) 2023 ! b) 2005 c) total
2 | 2 2
R? =097 i
1 . 1 1
O : &0 ]
T Rme=0.86 iingl | T me=093
2 | 2 2 N 2.39mg/L
3 | 3
0 3 1

1 2
Log NO,-N(mg/L)

0 1
Log NO,-N(mg/L)

0 1
Log NO,-N{mg/L)

Fig. 6. Determination of background levels of nitrate nitrogen using probability plots.
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255 AASIACH 1 Ay} w7 EE APgelle 20050
E 1670(16%), 2023391 1070(10%)2) AHE7F A=Y
th T A7) 5% 257} 607 v]REe.Z Miiller et al.(2006)
o] e} o] HiAEE G 90 915 A ©]83
AP, E9)e Wel] SJgh v dEE ARy A, NOs-

£ 200539 1.93 mg/L, 202339 1.89 mg/LE A
AR gh& BoFglom, 5 Al7|e] HA] A= tis)
A= 1.93 mg/LOE F A7 3t frolgk 2jolE Ko
FA &), ol e B4 Ay, 44T NO;-N
N5 =e] o 43k 1.93 mg/L(NO; 8.55 mg/L)Y
< RISHAT
ATEY A Wi TR g BFdS Eklsk] el
AL Bt 193 mg/L o3}l HlolE 23/1E
Bot 2S ARS Tt B HSS
$J%}+ Shapiro-Wilk A& @H— p A 0.01302 folF
0.01 ooz ZARFEIE 7/IHS & 4 YUt &
ATlxXe A ASel ARE dloly g 2370)7t
Zo] YukAel fFo T(0.05)= g3 1ot B
221 7] frolg=Eel 0.015 283t fdsigict,

RS WS o8t R digh v EE A

puk
o

AvR= Table 30 YUERNATE. Table 3914 & 5= U=

= 8=

jus)

znﬁ

utel o], AiaS A3 Be i 2023 wiEE
= %k% 2005980 F=5-5 RIS = AT A7 4
H A sE 2H A9, 1 SO B 200512
20.14 mg/LQ]r 14.24 mg/Lol A 202313 2] 28.07 mg/L3%
26.06 mg/LE F7Fhks 545 HoFqltt.

SFEEY JZ= A9F Q-Q E3E(quantile-quantile plot)
o E=AE HolH AEE WIS Ve EEEE
AAsk= WS o83t on, diddiel gk 48
A= Fig. 60 UYERY Stk Fig. 6014 & = U= vk}
2], NO;-N9| Hi 5%+ 20053 3.07 mg/L, 20233
4.14 mg/L, AA| 2.39 myLE WE-9)4= W o) &
o]Z1 22l 1.89~1.93 mg/LETH %2 ZhS BTt
E3] 20231 NO;-N9| viAFE=(4.14 mg/Ly= W&+

ol ofgh AR T uj Ol*o‘g =& @S eI

SEEY Jgzo)] 93 SAHEY HAEEE NaZ
AlJstale 25 202399 viAEET} B =4 UET
olefgt 542 w9l A/ AP ATRIE FARH
1= AT

ATFAY Aikde] FEgk 2SS st AeH 3
7IFA(REF)= 2hbddae] Hes 471820 10 mg/ll

=2 Axgdoz S8 79l 443 mg/LE ARSI 2
2K gk 8% AR Ao 264 mg/L(NOs-N 5.97 mg/
Lyollem, 2023 Al52] 517H(58%), 2005:2] 6171
(60%) AE7}F T8RS 238tom T A1719] 24
2 & gk 31~ETWS Fig. 70l TAIBIT o]}
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Fig. 7. Distribution of nitrate nitrogen for the entire data for two
periods.
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Fig. 8. Distribution of NPI values by year. (CL: clean, LP: light
pollution, MP: moderate pollution, SP: significant pollution, VP:
very significant pollution)
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Fig. 9. Spatial distribution map for NPI values by year ((a) 2005, (b) 2023) of the study area.
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